The clinical records of 24 adult patients with tetralogy of Fallot showed an ejection sound to be present in I3, I2 of whom had significant pulmonary valvular stenosis. In IO 
The clinical records of 24 adult patients with tetralogy of Fallot showed an ejection sound to be present in I3, I2 of whom had significant pulmonary valvular stenosis. In IO patients with infundibular obstruction only, an ejection sound was recorded in one. The pulmonary closure sound was recorded in all patients having an ejection sound, but in only 4 of II patients without an ejection sound. The ejection sound was clearly recorded with a catheter-tip micromanometer in the proximal pulmonary artery where it occurred coincident with an anacrotic notch, 40 msec after the rise of pulmonary artery pressure. Angiograms showed doming of the stenotic pulmonary valve. A pulmonary ejection sound was recorded in presystole in one patient when the right ventricular end-diastolic pressure, due to a forceful atrial contraction, exceeded thepulmonary artery pressure; during a short period of atrioventricular dissociation, the timing of the ejection sound varied as a function of the PR interval. Therefore an ejection sound occurs frequently in adults with tetralogy of Fallot, where it is a diagnostically useful sign, indicating the presence ofpulmonary valvular stenosis.
In infants and children with tetralogy of Fallot the incidence of ejection sounds varies directly with the severity ofthe pulmonary outflow obstruction. Thus, ejection sounds are stated to be rare in milder forms of tetralogy of Fallot but are frequent in severe and extreme forms (Vogelpoel and Schrire, Ig6ob; Lafargue et al., I967; Perloff, I970) . In severe tetralogy of Fallot an ejection sound is thought to originate from a dilated overriding ascending aorta which is not a feature of milder forms (Leatham, I958; Perloff, I970 
Subjects and methods
Records of all patients with the diagnosis of tetralogy of Fallot who were studied at this institution since June I963 were reviewed. For purposes of this study tetralogy of Fallot was defined as the combination of a large ventricular septal defect and right ventricular outflow obstruction resulting in equal right and left ventricular pressures. Patients with a small ventricular septal defect and/or mild right ventricular outflow obstruction were therefore excluded. The phonocardiograms were reviewed by two of the authors (J.A.S. and C.E.M.) and were divided into two groups based on the presence or absence of ejection sound. Satisfactory phonocardiograms were available in 22 patients. Two additional patients (Cases 2 and 24) were accepted without preoperative phonocardiograms because a detailed description of the physical findings by a senior member of the cardiology faculty was available for both.
The haemodynamic, angiographic, and surgical data were then reviewed and grouped according to the presence or absence of pulmonary valvular stenosis. 
Specificity
Total without PVS sis with intact ventricular septum was studied in a similar manner. The tracings were analysed as previously True positives plus true negatives described for evaluation of heart sounds in relation to Overall correctness = Total patients pressure events (Whittaker et al., I969) . Results Studies were made on 14 male and IO female patients ranging in age from I6 to 48 years (mean 26 years). The clinical and haemodynamic data are summarized in Table i . Fourteen had pulmonary valve stenosis comprising part or all of the obstruction; 14 had previous palliative procedures; and 6 had associated cardiac anomalies. All but one patient (Case 22) had a history of cyanosis which was still present at least intermittently in 6 patients (Cases 2, 5, 6, I5, I9, 2I). Two patients (Cases 14 and I7) were asymptomatic at the time of study and one (Case 6) was severely symptomatic with dyspnoea and fatigue at rest. Nine were considered to be in the New York Heart Association Functional Class I, 7 in Functional Class II, and 5 in Functional Class III.
Relation between ejection sound and type of right ventricular outflow obstruction An ejection sound was present in I3 patients ( Table 2 ). In I2 patients with an ejection sound there was pulmonary valve stenosis, associated with significant infundibular obstruction in 6. The pulmonary valve was normal in one patient in whom an ejection sound was present. An ejection sound was absent in ii patients ( Fig. 2 ) in 9 of whom there was no pulmonary valve stenosis. Of the 2 patients with pulmonary valve stenosis and no ejection sound, one had associated infundibular obstruction and one had additional pulmonary branch stenosis. The association between the site of obstruction and the presence or absence of an ejection sound is shown in in the central aorta pressure tracing (Fig. 4-5 (Fig. 5) .
In one patient (Case io) a sharp ejection sound was recorded before the onset of the QRS complex, I50 msec after the P wave. It was best recorded externally in the second intercostal space and poorly at the apex (Fig. 6) (Fig. 7) . When the patient experienced a vasovagal attack with diaphoresis and nausea during catheterization, the presystolic sound disappeared and the right ventricular a wave dropped below the pulmonary artery end-diastolic pressure. In a patient with pulmonary valvular stenosis and an intact ventricular septum, an ejection sound occurred 30 to 40 msec after pulmonary artery right ventricular pressure crossover, coincident with the anacrotic notch in the pulmonary artery (Fig. 8) (Vogelpoel and Schrire, Ig6ob; Gotsman, I966; Friesinger and Bahnson, I966) .
We considered this group of patients to have less severe forms of tetralogy on the basis of survival into adulthood with only moderate symptoms, long systolic murmurs, and lack of severe cyanosis (Vogelpoel and Schrire, ig60b). This distinction is not easily made since some patients with severe pulmonary outflow obstruction may do well clinically because of extensive development of bronchial collateral circulation (Bing, Vandam, and Gray, 1947; Higgins and Mulder, I972) . In addition, the degree of infundibular obstruction may increase with time, accounting for a delayed appearance of symptoms in some patients (Gotsman, I966) .
It was also considered that previous palliative operation might have obscured a very severe tetralogy with a dilated overriding aorta in some of our patients. If an ejection sound originated from a dilated aorta in these patients, however, one would expect a higher incidence of ejection sounds among those patients who had previous palliative The RV catheter has been advanced to the pulmonary artery (PA). PES is now less prominent on the external phonocardiogram. It is recorded along with a loud systolic murmur by the PA microphone, and is coincident with tr on the PA pressure trace. Sensitivity of the PA catheter has been increased and the CA pressure trace has been lowered.
operations (McKusick, I958) . Patients who had palliative operations, however, were found to be equally divided into the groups with and without an ejection sound ( Table 2) .
Tetralogy of Fallot patients with pulmonary valvular stenosis have been noted previously (Vogelpoel and Schrire, ig6ob), as in the present study, to have a higher incidence of a recordable pulmonary valve closure sound. This indicates that the pulmonary valve, though stenotic, was mobile and that the diastolic pulmonary artery pressure was adequate to account for a pulmonary closure sound.
The aetiology and behaviour of the ejection sound in adults with tetralogy of Fallot may be studied by comparing it with that of patients with pulmonary stenosis and an intact ventricular septum. An ejecjection sound is conspicuously absent in isolated infundibular pulmonary stenosis, but is a usual feature of mild and severe grades of valvular stenosis, though in more severe forms it may merge with the first heart sound (Vogelpoel and Schrire, Ig6oa; Gamboa, Hugenholtz, and Nadas, I964; Perloff, I964). In isolated pulmonary valve stenosis, an ejection sound has been postulated to arise from the valve proper or from the snapping of the dilated poststenotic portion of the pulmonary artery during early ejection (Leatham and Weitzman, I957) . Recent studies using simultaneous recordings of electrocardiographic, angiographic, and sound pressure recordings have shown the ejection sound to appear simultaneously with an abrupt doming of the stenotic valve, before the wall of the pulmonary artery distends (Hultgren et al., I969) . Therefore, a mobile doming stenotic valve appears to be the primary cause of the ejection sound in pulmonary valve stenosis. An angiogram showing doming of the stenotic pulmonary valve in a patient (Case iI) with tetralogy of Fallot, pulmonary valve stenosis, and an ejection click is shown in Fig. 9 . At the onset of ejection the upward excursion of the stenotic valve was seen to check abruptly during angiography as has been described in patients with aortic and isolated pulmonary valvular stenosis (Epstein et post-stenotic dilatation of the pulmonary artery is not a usual feature. Although ejection sounds of isolated pulmonary valve stenosis often decrease in intensity during inspiration (Reeve, I966) , this was not observed in our patients with tetralogy of Fallot (Fig. 3) . In isolated pulmonary valve stenosis, the pressure difference between the right ventricle and the pulmonary artery may narrow when the right atrial a wave is accentuated by an inspiratory increase in venous return. As a result the pulmonary valve is already in a domed position at the onset of right ventricular systole during inspiration and the intensity of the ejection sound is diminished (Hultgren et al., i969) .
In tetralogy of Fallot, in contrast, the right atrial a wave is not accentuated (Hoffman et al., I960) . The large ventricular septal defect provides a runoff for the increased venous return into the left ventricle, thereby preventing a significant inspiratory increase in right ventricular end-diastolic pressure. Palliative shunting procedures which direct flow into the pulmonary artery may also prevent an obvious inspiratory drop in pulmonary artery pressure in some patients. Either or both of these factors could explain the lack of respiratory variation which was evident in this group of patients.
The ejection sound of isolated valvular pulmonary stenosis may occur in presystole due to a forceful right atrial contraction which raises right ventricular end-diastolic pressure above that of the pulmonary artery (Hultgren et al., I969 Fig. 6 . During escape rhythm, in the absence of a preceding atrial contraction, it appeared as a systolic ejection sound, but returned to presystole as the PR interval progressively lengthened. The haemodynamic determinants of this behaviour were clarified during cardiac catheterization. The presystolic ejection sound occurred when the right atrial a wave (and right ventricular end-diastolic pressure) abruptly rose above pulmonary artery diastolic pressure (Fig. 7) . It disappeared completely from presystole during a vasovagal attack when the right atrial a wave dropped below the pulmonary artery end-diastolic pressure. (Whittaker et al., i969) . The ejection sound of isolated valvular pulmonary stenosis was shown to resemble that of valvular aortic stenosis in that it appeared 30-40 msec after the onset of pulmonary artery pressure rise, coincident with the anacrotic notch on the pulmonary artery pressure tracing (Fig. 8) . The ejection sound in tetralogy of Fallot was likewise shown to occur after the onset pressure rise, coincident with the anacrotic notch on the pulmonary artery pressure trace (Fig. 5) . It was recorded poorly in the right ventricle and central aorta, but clearly in the pulmonary artery in keeping with its postulated pulmonary valve origin (Fig. 4) .
In conclusion, ejection sounds may be more common than previously reported in adult patients with mild or moderate forms of tetralogy of Fallot or in whom the clinical course has been altered by previous palliative operations. In this setting, an ejection sound provides strong evidence for the presence of pulmonary valve stenosis. Though an ejection sound may be present in both, it should be possible at the bedside to distinguish between pulmonary valve stenosis with intact ventricular septum from that associated with mild or moderate tetralogy of Fallot. The lack of respiratory variation of the ejection sound, a small jugular venous a wave (HofEman et al., I960) , and diminution in intensity of the murmur with amyl nitrate inhalation (Vogelpoel et al., I959), all favour the presence of tetralogy of Fallot with pulmonary valve stenosis.
